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[6] The variables which the model determines include the 89 two horizontal velocity components, u(x, y, t) and v(x, y, t)
90
in the x and y directions respectively, and the ice thickness 91 and surface elevation H(x, y, t) and S(x, y, t) = H(x, y, t) +
92
B(x, y, t), respectively. Following common practice [e.g., 99 stress-balance equations used to solve for u and v as a 100 function of H(x, y, t) and S(x, y, t) are:
104 where r = 910 kg m À3 is ice density, g = 9.81 m s À2 is the 105 acceleration due to gravity, n is the effective, strain-rate 106 dependent ice viscosity representing Glen's flow law given 107 by
108 where D = 1.68 Á 10 8 Pa s 1/3 is a vertically-averaged ice 110 stiffness parameter, n = 3 is the power-law flow exponent, 111 and t u and t v are x and y components of the basal 112 resistance, defined by
113 and where T is a basal-resistance constant. Except within the 115 subdomain G c , T is specified to be 10 kPa uniformly 116 throughout the domain G, a value that roughly reproduces 117 characteristic basal shear stress under fast moving ice 118 streams in West Antarctica [Joughin et al., 2004] . Equations 119 (3) and (4) express basal resistance as plastic basal reology. 120 Experiments with viscous basal rheology produce results 121 similar to ones presented here.
122
[7] The governing mass-balance equation is
wherer is the two-dimensional divergence operator. In the 125 present study we assume no net ablation/accumulation at the 126 surface and melting/refreezing at the base, thus the right 127 hand side of equation (5) is zero in all experiments.
128
[8] Boundary conditions on horizontal borders of G are ) of the 185 initial velocity magnitude. As Figures 2d -2f show, the ice 186 surface mimics the ice base during first years of lake 187 drainage, but with a smaller rate of change. As the exper-188 iment proceeds, the surface lowering rate decreases with 189 time. After two years of lake drainage, a dipole-like struc- [15] Reduction in basal resistance is simulated by chang-228 ing the basal resistance parameter T within the subdomain 229 G c from an initial value of 10 kPa at t = 0 to 0 kPa for 0 < t 230 10 years. The initial condition is the steady-state config-231 uration of the ice stream with the uniform basal resistance 232 parameter T = 10 kPa.
233
[16] Results of this experiment are shown in Figure 3 . A 234 dipole with lower surface elevation upstream, and a higher 235 surface elevation downstream of G c develops in response to 236 reduction of the basal resistance within G c . The ice flowing 237 into G c experiences less friction, flows faster (Figure 3b ) 238 and increases mass transport, causing thinning and DS < 0 239 on the upstream side of G c . At the downstream side of G c , 240 the situation is the opposite: bed resistance is stronger, the 241 ice flows slower and mass transport is reduced. This results 242 in ice thickening, which produces DS > 0.
243
[17] Figures 3c -3e show surface elevation changes along 244 various lines during the 10-year model simulation. Cross-245 sections taken along ice flow (Figure 3c ) show development 246 of the dipole structure described above. Cross-sections 247 taken across ice flow show development of the surface-248 elevation deflation (Figure 3d ) upstream, and of the surface-249 elevation inflation (Figure 3e) 
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273
[20] In this experiment, the basal resistance parameter T 274 in the subdomain G c is changed from an initial value of 10 275 kPa at t = 0 to 20 kPa for t > 0. As Figures 4a, 4c , and 4d 276 show, a dipolar structure in DS develops in response to such 277 a basal resistance variation. It is similar to that of Experi-278 ment B but with opposite polarity: an uplifting zone 279 upstream and lowering zone downstream of G c . As in the 280 experiment with reduced basal resistance, significant 281 change (reduction) in ice velocity magnitude is observed 282 over a large area (Figure 4b) , with maximum change 283 associated with the subdomain G c (where DV is $50 m 284 yr À1 (15%)).
285
[21] Results of a ''real world'' lake drainage experiment -286 lowering of the lake roof followed by increase of its basal 287 resistance (combination of Experiments A and C) are 288 presented in Figure S2 of the auxiliary material. Surface 289 elevation response to the combined forcing is complex and 290 does not allow for making any conclusions about magni-291 tudes of either the sub-ice-stream lake volume change or 292 basal resistance change. 
